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Introduction to Acids & Bases

Part I: Definitions of Acids & Bases

AP Chemistry

Acids and bases play an important role in our lives. Numerous biological processes,
industrial applications, and even environmental problems are a function of the acidity or basicity
(alkalinity) of aqueous solutions. It is therefore important to understand what makes a substance
behave as an acid or a base when dissolved in water. There are three different ways to define a

substance as an acid or base. One definition is based on the ions found in a compound

(Arrhenius), another is based on how a compound behaves when added to water (Bronsted-
Lowry), and a third is based on how a molecule reacts with other molecules (Lewis). These
definitions address different behaviors of compounds and explain how seemingly different
compounds can be classified as behaving like an acid or a base.

Model #1: Arrhenius Acids and Bases

Common Turns
Name for Chemical . . Conducts Acid or
Found in... | Tastes... Litmus . .
Aqueous Formula Electricity? Base
. Paper...
Solution
Acetic acid HC,H50, Vinegar Sour Red Yes Acid
Benzoic acid | HC;Hs0, Food . Sour Red Yes Acid
preservative
Pho;gilcliorlc H;PO, Soda pop Sour Red Yes Acid
Hydroghlorlc HCl Stomach Sour Red Yes Acid
acid acid
Citric acid H;C¢HsO; | Citrus fruits Sour Red Yes Acid
Ascorbic acid | Ho,C¢HgOg | Vitamin C Sour Red Yes Acid
Magnesium Milk of .
hydroxide Mg(OH), magnesia Bitter Blue Yes Base
Aluminum 1\ | Antacids | Bitter Blue Yes Base
hydroxide
Barium Ba(OH), | Lubricants | POISON Blue Yes Base
hydroxide
Sodium NaOH Drain = 55150N | Blue Yes Base
hydroxide cleaner

1) (a) Examine the properties of the Arrhenius acids in Model #1. Name three properties

they have in common.

(b) Examine the chemical formulas of these acids. What feature do all the formulas have
in common?




2) (a) Examine the properties of the Arrhenius bases in Model #1. Name two properties they
have in common.
(b) Examine the chemical formulas of these bases. What feature do all the formulas have
in common?

In 1903 Svante Arrhenius won the Nobel Prize in Chemistry for defining acids and bases
in terms of the ions produced. An Arrhenius acid is any substance that produces hydrogen ions
[or hydronium ions (H3O") a hydrogen ion attached to a water molecule] when dissolved in
water. An Arrhenius base is any substance that produces hydroxide ions when dissolved in water.
While the Arrhenius definitions of acids and bases are useful, it is limited. Johannes Bronsted
and Thomas Lowry developed more general definitions for acids and bases using H+ ion
(proton) transfer as the focus.

Model #2: Bronsted-Lowry Acids and Bases

Reacrion | HClg) + H.O{D = H,Oaq) + Clag)
{aced) (base)

Reaction 2 MH,lagql + HF{ag) = “H Clagl 4 F-iaq)
{base] {aced)

Heacrion 3 MH fagl 4 H__{ HLi — MH ag) + H LY ag)
Laced ) (s

Reacrion 4 F-{aq) + H PO ag) =t HI"O *ag) « HF(aq)

{ bake) {acad)

3) Looking at the acid-base reaction in Model #2, describe the role of the Bronsted-Lowry
acid in the H" ion (proton) transfer that occurs.

4) Looking at the acid-base reaction in Model #2, describe the role of the Bronsted-Lowry
base in the H™ ion (proton) transfer that occurs.

5) As you saw in Model #1, all Arrhenius bases in Model 1 have an OH- ion in their
chemical formulas. Write a balanced chemical reaction for the reaction of HCI (aq) with
OH (aq) to illustrate that the hydroxide ion is also a Bronsted-Lowry base.




6) Write the reverse reaction for Reactions 1-3. Label the Bronsted-Lowry acid and base in
the reactants for each reaction.
(a) Reaction 1

(b) Reaction 2

(c) Reaction 3

A more general model for acid-base behavior was suggested by G.N. Lewis in the early
1920s. A Lewis acid is an electron-pair acceptor, and a Lewis base is an electron-pair donor.
Another way of saying this is that a Lewis acid has an empty atomic orbital that is can use to
accept (share) an electron pair from a molecule that has a lone pair of electrons (Lewis base).

Model #3: Lewis Acids and Bases

F . [:|: H 3 F '::lj H 3
F— El s N l"'-l.J —CHy — F— El _["'l'j —CH3
[_1 CH5 F CHs

7) Identify the Lewis acid and base in Model #3.

8) Identify the Lewis acid and the Lewis base in each of the following reaction
(2) B(OH); (aq) + H>0 (1) <> B(OH)4 (aq) + H" (aq)

(b) Ag' (aq) +2 NH; (aq) <> Ag(NH3)," (aq)

(c) BF; (g) + F (aq) <> BF4 (aq)

Summary Table

Model Definition of Acid Definition of Base
Arrhenius H' producer OH' producer
Bronsted-Lowry H' donor H" acceptor
Lewis Electron-pair acceptor Electron-pair donor




Model #4: Conjugate Acid-Base Pairs

P e . e . s e el i T D AT

H |_|.|: ¥ :I_l" 11 L " Tac i il_'." lag

9) All acid-base reactions have two conjugate acid-base pairs. One conjugate acid-base pair
in the reaction in Model #3 is H;0/H,0O. List the other acid-base pair in the reaction.

10) Which species is the acid in the second acid-base pair and which species is the base?
Why?

11) Using the list of substances below, select pairs that are conjugate acids and bases. Enter
the pairs in the tables below. The first acid-base pair has been entered for you. Note that
you may use a substance more than once or not at all.

H;PO, NH," HPO,* H,CO;
H,0 PO,* C,H;0* NH;
HC,H;0, NOy CO5™ H,PO,
H;0" CO, OH
Acid Conjugate Base Acid Conjugate Base
H;PO, H,PO,

12) Water is an amphoteric substance, meaning it can behave as both an acid and a base.
Write a chemical reactions showing water as an acid and then as a base.

Part II: Strength of Acids & Bases

When you hear an acid called “strong” or “weak”, what do those terms refer to? In
aqueous solutions, compounds can exist as molecules (undissociated) or ions (dissociated).



When an acid or a base exists in solution nearly completely as dissociated ions, we refer to that
acid or base as strong. A weak acid or base will donate ions to the solution, but will remain
primarily as undissociated molecules.

Acids are abbreviated HA with the H representing the proton (H") the acid donates to the
solution. The A is referred to as the acidic anion (A”) that is left in solution as the proton is
donated:

HA o H + A

Bases are abbreviated MOH with the OH representing the hydroxide ion (OH") the base
donates to the solution. The M is cation (M") that is left in solution as the hydroxide is donated:

MOH « M' + OH’

Model #5: Acid-Base Solutions PhET

13) Go to http://phet.colorado.edu. Click on “Play With Sims,” then “Chemistry” on the left
side bar, then find and click on “Acid-Base Solutions,” and finally click “Run Now!”

14) Begin with ‘Strong Acid’ on the ‘Introduction’ tab. Make sure that ‘Molecules’ is chosen
under Views and ‘pH meter’ under Tests. Draw an image of the beaker in the appropriate
box below and record the pH of the solution by lowering the pH meter into the solution.

15) Repeat with ‘Weak Acid,” ‘Strong Base,” and ‘Weak Base.’

Strong Acid Weak Acid

Strong Base Weak Base




16) Switch to the ‘Custom Solution’ tab. Choose ‘Equilibrium Concentration’ under the
Views section and ‘pH meter’ under Tests section.

17) Complete the following tables by changing the ‘Initial Concentration’ under the Solution
section. Make sure to choose ‘acid’ or ‘base’ and ‘weak’ or ‘strong’ under the Solution
section based on the appropriate table.

Initial Concentration

(M) [HA] (M) [AT (M) [H'] (M) pH

0.010

0.050

Strong Acid

0.100

1.00

Initial Concentration

o) [HA] (M) [AT (W) [H'] (M) pH

0.015 (weaker)

0.150 (weaker)

Weak Acid

0.015 (stronger)

0.150 (stronger)

Initial Concentration

(M) [MOH] (M) | [M'](M) [OH] pH

0.010

0.050

Strong Base

0.100

1.00

Initial Concentration

(M) [B] (M) [BH'] (M) [OH] pH

0.015 (weaker)

0.150 (weaker)

Weak Base

0.015 (stronger)

0.150 (stronger)

Electrolytes are substances that dissolve in water to produce ions in solution. The
presence of ions allows a solution to conduct an electrical current. lons may be produced because
the substance that dissolves is ionic (like salt), or because the substance reacts with water to
produce ions (as is the case with acids). The more ions that are formed in solution, the stronger
the electrolyte. Nonelectrolytes are substances whose aqueous solutions do not contain ions and
therefore do not conduct an electrical current.

18) In each of the following statements, circle the appropriate phrase:
(a) A strong acid is very concentrated/exists primarily as ions.
(b) A weak base is a nonelectrolyte/weak electrolyte/strong electrolyte.
(c) A strong base is a nonelectrolyte/weak electrolyte/strong electrolyte.




(d) At the same concentration (Molarity) a strong acid will have a higher/lower/the same
pH as a weak acid.

(e) As concentration of a weak acid increases, the pH increases/decreases/remains
constant.

(f) As concentration of a weak base increases, the pH increases/decreases/remains
constant.

(g) As the concentration of a weak acid increases, the number of ions
increases/decreases/remains constant.

(h) As the strength of a weak acid increases, the proportion of ions to molecules
increases/decreases.

Model #6: The Meaning of K, and K},

+ - _ [H307"][47]
HA (aq) + HO (1) & H;0" (aq) + A'(aq) Ko == —
B (aq) + H,O (I) <> HB (aq) + OH" (aq) Ky =
K g and Ky, Valuws

Name sl Acid Aid L HName of Daxe Bave '::l
Tl e wcid My, large Inprogen Tulfate ion MOy~ wery small
Hpdrachlare asid HC1 large chlsride lon [ wery mall
Mitric acid My large mitrate on Oy~ wiry small
Hygaronium fan Myl S55 waler Wy 18 xS
Fgregen sullsts fon My~ 2 sl ilfate 1on e P LR o
Fraapharst acid Py THebrd | ditepiregen phoophate ion Py 1% 00E
Hecasgairmni{ii)ion  FelHy0lg®™ 6328077 | peetseqebpirocsiresdili) in  Fe(HpOkOH® 16 xi0rk
Fparadluer |t schd i T ird | Neorige in F- 14 bt
Fermic agid HCCH 1 s formaie 1on MOy~ Sgw e
Barcrest acid Cghln 005 63xdrY | benzeste jon Lo~ 16 xj0r'e
deaihr weid CHgL O 18 53 aefabe Lo g™ 56w WY
Feinspmsluminoom o KH;O0®  FOx e | pestesquebgdroses lumisem bae  ANHOOHES 1B xi0r?
Cartonic aid HIE'Q-, 4Fxigt hgdragen caronate bon OOy~ 2.4 %10
Fupiragen tulfide - 11! Tgdrgen sulfinde i HE" 1= 8007
Eribgpdragen phoaphate fon HaPOG" G2 udr¥ | podreges phaaphats ion [ oa Py 16 x 1077
Higsehlorout scid HOIG 3.5 % Y egpchlor the lan (=l FLE
Ameraraam 1o [ SHubr® | gmonia iy 18
Mgracyasic ncid HCN 403009 | cyanide ten or FLED
ks guron {1 jon Fedia Ol B2x00r® | peolasquehgdravetroan(ii) ben  FeliOkOW*  S1x9002
Fygiregen carbonale ban  HOOp" 4810 | carponyie fon ue AR [
Fiprragen phacpbats lon  HPOS Bbx b0-Y | phoophate jon =Pl 8 e
Waler Ha i FEIT® | e on iy 58
Higdragsn sulfids 1o HE* i nio-® iulfide b = 1= 10#

19)Is K, and Ky, similar to K? Explain why or why not.
20) For each of the following strengths of acid or base, decide if K, or K}, is greater or less
than 1?
(a) Strong acid: K,
(b) Weak acid: K,
(c) Strong base: Ky,
(d) Weak base: Ky,



21) Locate acetic acid on the table below and record the K, below. Then locate the acetate ion
and record the Ky, below. Then multiply K, and K, together.

22) K, and K}, multiplied together is known as the autoionization of water. What is its value?

* Adapted from “Introduction to Acids and Bases” by Josephine Parlagreco and Robert Dayton
(Stony Brook University), “Acids and Bases” from POGIL™ Activities for High School
Chemistry, “Strong versus Weak Acids” from POGIL™ Activities for High School Chemistry,
and “Introduction to Strong and Weak Acids and Bases PhET Lab” by Chris Bires
(http://phet.colorado.edu/en/contributions/view/3306).




